Abstract
Introduction to the research problem
Since the end of the 20 st century, governments and institutions around the world have been appreciating the benefits of information and communication technologies (ICTs) and technological innovations that have led to the development of broadband infrastructure around the globe. Many governments no longer depend on conventional channels for providing their services to stakeholders. Instead, due to significant ICT investments there is a large reliance on online environments becoming the primary portal of interaction with citizens. This transition to an online government products and service is simply known by the term electronic government (e-government). Simply stated, Egovernment is defined as "the delivery of government services and information electronically 24 hours per day, seven days per week" [1] . The main aim of egovernment is to create transparent, effective and convenient online interaction channels between the government and other official agencies (G2G), the government and businesses (G2B), and finally the Government and citizens (G2C). G2C is the egovernment aspect that this study focuses on [2] . However, as governments and citizens alike move forward towards the advanced age of Internet and eservice provision, there are some society segments of society that are left behind in technological isolation with no or minimal online presence, such as older adults [3] . This division is generally known as the digital divide. What has also been found is that individuals who are the focal beneficiaries of online services provided by government are the least able to adapt to modern ICT, including the Internet [4] . Furthermore, e-government and technological isolation of older adults has only received marginal attention from researchers, especially in the context of developing nations. This motivated us to investigate and understand the factors by which older adults' adoption and use of e-government in the vicinity of Saudi Arabia are affected. The e-service that this research emphasises is the ministry of interior (MOI) website which is the main government e-platform (https://www.moi.gov.sa). This platform offers a wide range of online services that are diverse including passports, driving licenses, car registrations renewals, traffic violations, pilgrimage permissions and many other civil services. To familiarise readers, the next section provides a literature review, followed by a description of the conceptual model, the hypothesis, and the research methodology and closes with conclusion, limitations, and future research.
Literature

Older Adults
Within the e-government literature, there are varying definitions for the term 'older adults'. For the purposes of this study, older adults are identified as individuals in the age ranges of 50 years old and above [5] . The rising importance and attention towards elderly citizens is due to the increasing life expectancy. Thanks to technological health advancements and life style improvements, which are leading to better qualities of life, countries around the globe have older adults' population than ever before [3] . In terms of elderly populations, Saudi Arabia is no exception as demographic characteristics have been changing where the life span is increasing and fertility is decreasing [6] . In 2013, nearly 4.3% of the total population in Saudi Arabia was between 55 and 64 years old. It is predicted that by 2050, the elderly population would comprise approximately 18.4% of the total Saudi population (ibid).
Older adults are important individuals within societies who desire to feel included and valuable in order to accomplish "successful ageing" [7] . Unfortunately, there is a widespread notion that older people offer only limited contributions to their societies; whereas in reality, older adults offer large economic and social contributions. In the UK for instance, adults aged 65+ contributed to the economy an overall sum of £40 billion in 2010. This is credited to their spending habits and the value of their volunteering [7] . Further, in terms of societal aspects, older adults offer significant contributions to their communities and neighbourhoods due to their continuous and enthusiastic involvement in the places that they reside in. In addition, older people have more tendencies to volunteer and participate in community-based institutions [ibid].
Older Adults and Technology Adoption
As mentioned earlier in the introduction, advancements in ICT have created a gap in society where some people have Internet access and others do not. This distinction between individuals within the same society is widely known as the digital divide [3] . Further, simply having Internet access does not necessarily mean having the ability to use the Internet. The digital exclusion might exist as a result of technology or computer illiteracy, poverty, disability, gender discrimination, language and old age [ibid] . A major cause of the digital divide, age, has been widely identified and recognized in literature [8] [9] . The likelihood of seniors using digital services increases when such services are affordable, accessible and usable [10] . Older adults' adoption of technology is highly dependent on their physical and mental status. The physical dimension refers to health impairments that occur due to aging, such as memory loss and visionary impairments whereas the mental dimension denotes attitudinal aspects, such as privacy worries and security [11] .
Digital tools and other ICTs can result in positive change and improvement in older adults' quality of life, and promote more independent ways of living (ibid). These advanced technologies can also provide the elderly with a means of developing their knowledge; for example, obtaining a portal to the world by using the Internet or enhancing their health status using regular exercise programmes offered on smart phones and tablet devices. Another important aspect for the elderly in the contemporary information society is social inclusion. For instance, ICTs such as, tablets devices provide seniors with an ability to interact online with their family and friends using for example, Facebook, Skype (ibid). Therefore, older adults who are able to effectively exploit well-functioning means of ICTs have more advantages over those who do not; thus, the latter group may suffer social isolation (ibid).
E-government Adoption and Challenges
In literature, the topic of e-government and technology diffusion and adoption has been widely investigated and researched by applying various renowned technology acceptance and success models [12] . Generally, literature has identified various factors influencing citizens' adoption of e-government, including social influence, usefulness (relative advantage), anxiety [12] , trust in government [13] , perceived online risk [14] , cultural and privacy issues [15] , disposition to trust, security and trust in the Internet [16] . Finally, since e-government is a technological system normally based on the Internet, the digital divide has been identified among the key challenges and barriers towards successful adoption of e-government services [17] [15].
E-government Adoption in the Developing World
A study conducted in Saudi Arabia concerning egovernment adoption by Saudi citizens in the capital city of Riyadh found that age affects users' enthusiasm and willingness to use e-government services. Further, although education levels of individuals influenced e-government adoption, it was less important than the factor of age. Finally, factors such as, knowledge of the Internet and security were significant as they impacted the individual users' perception of e-government [18] . Some of these findings such as the factor of age, education level and security were again confirmed by a diverse study examining the adoption of e-government services in Saudi Arabia [19] . Additionally, the study highlighted other factors of impact including, eservice availability, compatibility and complexity.
A Pakistani study investigating the factors facilitating end-user adoption of e-government used the model of UTAUT. Findings revealed that performance expectancy (saving time & effort), effort expectancy (usefulness, effectiveness & easiness), and social influence (prestigious image & family influence) largely influenced citizens' adoption of egovernment in Pakistan [20] .
A qualitative study of the adoption of egovernment in Jordan used focus groups to identify that there are many barriers to e-government adoption. These barriers include relative advantage, trust of the Internet, word of mouth (social influence), waste (favoritism), resistance to change, Internet & computer skills and digital divide [21] .
An Omani study of the adoption of e-government found a significant relation between users' adoption of e-government and service quality (efficiency, reliability, responsiveness and security) [22] . It was also statistically proven that some demographic variables (age & education) have a significant impact on the willingness to adopt e-government (ibid). In summary, age and level of education are continuously identified as influential factors on egovernment adoption. Further, social influence, service availability, security and efficiency are also aspects many studies have in common as significant factors with regard to e-government adoption in the developing world.
Development of the Conceptual Model and Hypothesis
As explained earlier, the field of information systems has applied attitude literature in order to understand and establish the link between attitude towards something and action [23] , [24] . While literature recognizes the pertinent role of an enduser's attitude, it lacks information on attitude formation [25] . Learning theories of attitude change endeavour to elucidate the mechanisms by which individuals form their attitudes. [26] , [27] . Therefore, the current study applies the learning theories of attitude change in order to understand the attitude formation of the elderly towards Saudi Arabia's egovernment channel (MOI e-portal). Learning theories have been embraced and used by various primal theoretical research studies as the foundation for their work, such as the theory of reasoned action (TRA) [25] . Learning theories consist of three key elements of attitude formation, which are social learning (equivalent to social influence in UTAUT & subjective norms in TAM), operant conditioning, and classical conditioning [28] . The latter is concerned with someone's sociability and friendliness, which is irrelevant to the aim of this study; thus, excluded.
Further, e-commerce literature has widely identified the factors of the Technology Acceptance Model (TAM), Diffusion of Innovation and trustworthiness models as key players with regard to user adoption of e-commerce [29] . The great resemblance between e-commerce and e-government (i.e. the online environment) has validated the assumption that the aforementioned models' factors will also greatly influence adoption of e-government services by citizens [30] . Therefore, it is appropriate to apply some of the aforementioned factors to the current study as it concerns e-government adoption.
The Diffusion of Innovation (DOI) theory is useful for understanding the acceptance of new and novel innovations by users in which diffusion is defined as 'the process by which an innovation is communicated through certain channels over time among the members of a social society' [31] . DOI proposes that an innovation is affected by five major constructs: relative advantage, complexity, compatibility, trialability and observability (ibid). Trialability and observability are of less relevance to adoption research, thus they were excluded [30] . Further, two of TAM's constructs; namely, perceived usefulness & perceived ease of use are equivalent to the constructs of relative advantage & complexity of DOI (ibid). Therefore, for this study, TAM was excluded and DOI was applied as it offers similar dimensions that are more comprehensive than TAM. Additionally, the model of perceived characteristics of innovating (PCI) presented by [32] suggests more aspects affect adoption and use of an innovation. Image is one of the PCI constructs that refers to individual's feeling and opinion of an innovation as a status symbol. Image is also encompassed in [33] TRA, which is the basis for TAM, as subjective norm. Given the great extent of attention web-based systems have gained in the mass media, image is included in this study [30] .
Finally, as mentioned above, the study also attempts to understand the link between someone's trust and adoption of governmental web-based services by applying the trustworthiness model. Trust is defined as someone's certainty that a promise made by others in society is trustworthy [34] . TRA is again used as a guiding foundation for the trustworthiness model. TRA proposes that beliefs influence intentions, which in turn influences someone's actions [33] . The applied model in this study includes the constructs of trust of the Page 2354 government, trust of the Internet and disposition to trust [35] (figure 1). In conclusion, the study attempts to combine and synthesize the aforementioned theories in an attempt to cover different aspects by which elderlies' adoption is influenced. The following table 1 presents the study hypothesis. Relative advantage (RA) P5: Greater levels of perceived RA will positively relate to older adults' intention to use MOI e-Portal.
Image (IM) P6: Greater levels of perceived IM will positively relate to older adults' intention to use MOI e-Portal.
Complexity (COMP) P7: Lower levels of perceived COMP will positively relate older adults' intention to use MOI e-Portal. Trustworthiness Disposition to trust (DTT) P8: DTT will positively relate to older adults' trust of the Internet (TOI). P9: DTT will positively relate to older adults' trust of the government (TOG). Trust of the Internet (TOI) P10: TOI will positively relate to older adults' intention to use MOI e-Portal. Trust of the government (TOG) P11: TOG will positively relate to older adults' intention to use The MOI e-Portal. 
Research Methodology
Data collection for the current study was based on a quantitative approach that used hard copy survey questionnaires consisting of demographics sections and a close ended questionnaire that applied a 7 point Likert scale. Prior to distribution, and during the process of developing the survey, 10 experts of various backgrounds validated the content of the questionnaire.
The research took place between the period of 18 th July and 12 th October 2016 in the city of Hail in the Kingdom of Saudi Arabia. The city is seen as the capital of the north of Saudi Arabia as it connects other areas in the north with the capital city of Riyadh, the holy city of Mecca, and the southern provinces of the kingdom.
In 2016, more than 14% of the total population (total is approximately 700,000) of Hail region fell into the category of older adults (≤ 50) [36] . Another reason for the selection of Hail as the research site is the fact that the researcher has established contacts and access to the city.
In order to ensure effective participants recruitment, a combination of a non-random sampling method comprising of self-selection and snowball sampling were applied to reach out to people 50 years old and above. First, the researcher used self-selection approach with already established contacts, followed by snowball sampling in which those contacts helped recruiting more participants from their personal and work contacts. The researcher distributed 1656 questionnaires to potential participants, and received 1147 responses, of which 937 were complete and viewed as valid. Accordingly, a response rate of 56% was achieved. The response rate is calculated by dividing the number of valid responses by the numbers of the total sample [37] . In literature, a response rate of 50% and above is considered to be adequate [38] . The next section provides an overview data analysis of this study where brief descriptive analysis of the core socio-economic demographic variables is provided.
Data Analysis & Findings
Descriptive Analysis
Before commencing this project, the cultural norm of gender division in Saudi society was recognised, which means that to prevent females underrepresentation, an equal weighting had to be calculated. To ensure that there was equal representation of the genders despite these differences, maintenance of accuracy and to avoid any possible nonresponse bias, this study applied the corrective weighting approach to the gender variables Page 2355 where both genders are treated statistically; that is, as if they are equal in number [39] , [40] . It is worthwhile nonetheless to identify the original cases of both genders. The number of females comprised 31.3% (293 cases) of the total sample and the males were 68.7% (644 cases) respectively.
The following subsection identifies the sociodemographic variables against Internet penetration rates within the elderly of Hail city. The data and tables were analysed and created using the data analysis software package SPSS version 23. Additionally, in terms of education, the uneducated respondents showed a 0% adoption rate. Further, Internet penetration appeared to be reducing as the education levels reduces. For full details, please refer to table 2 below. 
Demographics and Internet Adoption
Constructs Reliability & Validity
The consistency of the current study's model constructs was established by assessing their reliability [41] . Table 3 depicts three well-known reliability measures; namely, Average Variance Extracted (AVE), composite reliability and Cronbach's Alpha. A value of 0.7 emerged for Composite Reliability and the Cronbach's Alpha, which is considered adequate. For the AVE a value of 0.5 or above emerged, which again suggests sufficiency. Therefore, based on the values shown in table 3, all the constructs meet the reliability measurement criterion (ibid).
Further, discriminant validity and factor loadings were generated to establish validity of the constructs. All the measurements were adequate and acceptable. However, they were excluded due to page restrictions. The results are available upon request from the authors.
Structural Model Analysis
To analyse the earlier proposed model, Figure 1 Modelling (PLS-SEM), which was considered suitable for this due to the following reasons: 1) its effectiveness with exploratory research which attempts to explore key target constructs; 2) PLS-SEM is also suitable for relatively complex structural models, which comprises many constructs and many items [42] .
Coefficient of Determination (R 2 )
The Coefficient of Determination (R 2 ) indicates the extent to which the independent variables of a model can explain the dependent variable within the same model [42] . The R 2 for the key dependent variable (intentions to use) of the model of this study is 0.945, which means that nearly 94% of the variability within the elderly's intentions to use the egovernment MOI e-Portal can be explained by the model. Such high R 2 values indicate significance and establish sufficient explanatory power (ibid). 
Coefficients and Hypotheses Testing
A path analysis aids in understanding the impact of the explanatory constructs on the dependent construct. The values between these constructs are called path coefficients in which there are indications of significance (see figure 2) . Nevertheless, in order to achieve more consistent evaluation of any assumed significance, bootstrapping was used. Judgement on significance is based on the rules of thumb for structural model evaluation in which "Critical tvalues are 1.65 (significance level = 10%), 1.96 (significance level = 5%), and 2.58 (significance level = 1%)" [42] . After applying the aforementioned criterion, 9 out of the 11 hypotheses were supported by the outcomes of the model evaluation with some disparities among them (see Table 4 ). For example, the constructs of Complexity (COMP) as well as Trust of the Internet (TOI) correlated strongly with the dependent key variable, Intentions to Use (UI). On the other hand, the constructs of Trust of The Government (TOG) as well as Image (IM) showed insignificant correlations with UI. A full model evaluation is available upon request. 
Discussion and Implications
Demographic Variables, Digital divide and Internet Adoption
The widespread use of ICT, including the Internet, has widened the technological gap between different groups within societies. This gap has been greatly characterised by various sociodemographic variables, such as age, gender and education level.
For this research we used the understanding that literature has emphasized the role of "old" age being a major cause of the digital divide [3] . In terms of this study, age, which is the main theme of the study, has shown a clear impact on the status of the older adults' adoption of Internet. The data in table 2 clearly shows that "younger adults" have a high Internet diffusion level whereas "senior adults" have almost not adopted the Internet at all. For instance, participants aged between the ages of 50-59, 70-79 and over 80 years show Internet adoption levels of 96%, 8%, and 0% respectively. In other words, as age increases, the likelihood of Internet adoption reduces. To further establish the association between age and Internet adoption, and to examine whether they are independent of each other or not, Fisher's exact test was run on SPSS. Fisher's exact test is used because it does not depend on sample or cell size restrictions [43] . The results in table 5 below show a statistical significance in which p-value < 0.001 confirms the association. Secondly, the ability to use the Internet and technology in general is normally associated with a users' level of education, as it requires certain skills. Many studies within the context of both developed and developing countries have emphasized education levels being a major deterrent to Internet and technology adoption [8] , [9] . In accordance with the latter statement, the analysis of this study shows a clear link (direct correlation) between education and adoption. For example, respondents with higher and 1 st degrees are 100% Internet adopters, respondents with primary school certificate are 57.2% Internet adopters, and finally 100% of illiterate respondents are non-adopters (see table 2 ).
Finally, gender discrimination is an issue that has been fairly acknowledged in the technology adoption literature [11] , [44] . In light of this, the data of this study depicted Internet adoption rate of 82% amongst males and 59% amongst females. These ratios might designate an association between gender and Internet adoption. However, it is important to note that the majority of the nonadopter females fall into "less educated" and "senior adults" categories; thus indicating the significance of age and education on gender, not gender per se.
In conclusion, many older adults are caught in the digital gap created by the advance of technology and the inevitability of the Internet. However, societies and governments can provide the opportunity for such elderly adults to increase their use of Internet technology through social policies (financial subsidies, computer provision, frequent exposure to Internet) and training/education (free courses, social networking) [45] .
Older Adults and E-Government Services
As an important form of ICT, and to fulfil the aim of this study, e-government services are discussed by examining older adults' adoption of such services in Hail city of Saudi Arabia. As stated in the previous section, this study has confirmed the existence of age-based and education-based digital divides. They are both key deterrent phenomena that prevent the elderly from using the Internet and consequently, online government services. This result is in accordance with previous studies concerning e-government adoption in Oman and Saudi Arabia [18] , [22] .
In terms of the structural model analysis, results show that attitude formation factors have a strong influence on older adults' intention to use egovernment. Such intention correlated with primary influence (PI) by 0.092 ( figure 3 ) which indicates the importance of family and friends with regards to the elderly's perception formation. The attitude of older adults towards e-government is affected negatively or positively based on the opinions of important people in their life about egovernment [20] , [21] . Further, perceived cyber risk (PCR) showed a correlation of -0.097 ( figure  3 ) that depicts a strong negative association with intention to use e-government. When older adults feel unsafe in an online environment due to their worries of fraudulent activities (e.g. information theft), it is most likely that they will form a very negative perception towards using e-government [14] , [18] . As for perceived website assistance (PWA), it seems critical for older adults to receive e-portal assistance if they were to use it. Their intention to use e-government websites correlated with this factor (PWA) by 0.186 ( figure 3 ). Due to the probable lack of computer and technology skills, the elderly might require immediate assitance and responsiveness while conducting an online task or receiving an e-governemnt service [22] .
Figure 3. Analysis of Attitude Formation
In addition, three of the four factors derived from the DOI model showed some disparities regarding their impact on older adults' intention to use egovernment. Complexity (COMP) appears to be the most significant factor with a coefficient of 0.235, followed by compatibility (COM) with a coefficient of 0.085, and finally relative advantage with 0.128. Image (IM), the fourth factor, showed insignificant value of -0.026 ( figure 4) .
The adoption literature has continuously identified the aforementioned factors as influential on e-government adoption. Less complex and easy to use governmental websites will result in a positive perception and more liklihood of being used [19] , [20] . Further, compatibility and relative advantage (usefulness) are positive influential factors of e-government adoption [12] , [19] . On the other hand, this study found that percieved image from using e-government does not influence older adults' intention to use e-government, which conflicts with the findings of other studies [19] . This might be a result of the way the elderly view life, in which life is more than pursuing prestigious image. Many other studies which found associations between image and e-government adoption, had a sample of young adults or a sample of adults of mixed ages.
Figure 4. Analysis of Diffusion of Innovation
Finally, the dimensions of trustworthiness are major topics in adoption research. As government services are provided online, users must have trust in both the service provider (government) and the service medium (Internet) [13] [16] [21] . Both of these trust dimensions are in turn affected by disposition to trust, which means the latter has an indirect impact on adoption [16] . In terms of this study, trust of the Internet (TOI) and trust of the government (TOG) correlated with Intention to use by 0.189 and -0.010 respectively. Further, disposition to trust (DTT) correlated with TOI and TOG by 0.446 and 0.682 respectively (figure 5).
Figure 5. Analysis of Trust Model
These values confirm the important influence of TOI and DTT on older adults' intention to use egovernment. However, the factor of TOG is not supported by the analysis of this study. After revisiting the participants' answers, it is clear that although most particpants tend to trust the government, this percieved trust was not enough of an incentive, and did not appear to affect their intention to use e-government whatsoever. It seems that their perception of e-government is solely Page 2359 based on Internet trust. In light of the findings of this study, government should address and acknowledge the concerns and worries of older adults to promote the use of their online services. Robust security measures and privacy assurance should also be made to tackle the concerns of the elderly. Further, provision of free training sessions, increased responsiveness (e.g. 24/7 assistance availability), and reduced website complexity are measures that will help the elderly to deal with any possible difficulties that they might face while using e-government services [22] , [46] .
Implications of this Study
For academia, this study will enrich the literature concerning e-government and older adults in the Arab world. The literature on e-government and the Arab world lacks studies on older adults and egovernment, more importantly within the context of Saudi Arabia. Further, for government officials, the findings will encourage e-government policy makers to pay more attention to the existing digital divide. It will also raise awareness among policy makers of the difficulties older adults encounter with regards to e-government. As for industry, the study helps service providers by identifying the needs, concerns, and preferences of customers.
Conclusion, Limitations and Future Directions
The purpose of this study is to explore and understand the factors influencing older adults in Saudi Arabia's adoption and use of e-government in the vicinity of Hail City. The authors used a quantitative approach and disseminated online survey questionnaires to older adults households of Hail city in which 937 completed replies were received. Findings suggested that the digital gap within the older population is mainly characterized by age, gender and education levels. The study adopted the models of Attitudinal Formation, DOI and Trust in order to examine their impact on older adults' intention to use e-government. The results indicated the significance and validity of all propositions except for image and trust of government. Therefore, in order to mitigate the magnitude of digital divide and to encourage the use of e-government by the elderly, government should apply effective social policy procedures, promote awareness of e-government, provide training and enhance online service quality measurements.
The study took place in the city of Hail, which is a medium sized city. Therefore, a limitation of the study is that it lacks the context of smaller rural and larger urban cities. Further, this study examined only a small portion of the whole population and within only few vicinities of Hail city; therefore, generalizations cannot be claimed. As a future direction, researchers should consider either smaller cities in the urban or rural areas, or larger urban and rural cities. Further, this is a quantitative study. Future directions could apply qualitative approaches where various in-depth data collection methods such as, interviews or observations could be applied. Further, as this study was limited to one location, it is possible for other researchers to enrich older adults' literature by conducting similar studies in different cities and locations.
